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OALCULATIONS
for a
I.IGOT AND TO^fm PIANT.
(I.)
IITTRODIFGTION.
The matter here presented consists of the general oaloulations
iand design whioh resulted from .an investigation for the purpose of
determining the feasibility of a Central Light and Power Plant for
supplying the State Buildings located at Madison, Wisconsin.
1
The buildings to be supplied are the State Capitol, Grovernor's
Residence, Mendota Hospital (State Hospital for the Insane), State
[Historioal liibrary, and the various buildings of the University of
jiWisconsin. The large general map attached (Map Mo. 1. ) , shows
the location of the buildings, distribution of load, transmission
lines, etc., and will be referred to later.
Although the ma;) or portion of the worK here presented was per-
formed hy the writer under the general direction of Professor D. 0.
I
Jackson, several important features were worked out by others, ac-
knowledgement of whioh v^ill be made later. It may be well to
state here, however, that the general proposition received consid-
erable attention from Dean J. B. Johnson, Professor D. C. Jackson,
i;
Professor storm mil, Mr. J. T. V/. Jennings (all of the University
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Of Wisoonsin) and from Ivdr. 3. J. Arnold of Gliioago.
Present Conditions.
At the present time all of the gas used at the Capitol and Uni-
versity, all eleotrioity used at the Crovernor's residence for light-
ing, and nearly all eleotrioity used for light and power at the Uni-
versity, are bought of the Madison Gas & Kleotrio Company. Steam
ipower is generated at the Capitol, Mendota Hospital, and University
,by looal steam plants. Oas is generated at Mendota Hospital by a
looal gas plant. The elevator at the Capitol is operated by hy-
draulic power furnished from the University plant. It is proposed
to furnish eleotrioity for all lighting and power at the various in-
stitutions from a plant located on the shores of Lake Mendota in the
University grounds, and to also locate therein the steam heating
[boilers for the University buildings which are now heated by means
of steam distributed thro'jgh pipes in tunnels on the campus. These
1 pipes and tunnels will remain in use but the pipes 'dll be connected
r
Ito the boilers in the new plant.
Object of a Central Plant.
The advantages to be derived from operating from a central plant
wrould be several, and they will be considered under separate head-
ings.
ECONOMY OF OPEiUTION:- The central plant could be operated at
an annual cost to the State which would be considerably less than
the annual expenditure in this direction under present conditions.
This would result principally for several reasons :- first , the thor-
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oughly nodern equipment proposed for the new plant would pemit of
reduoing the cost of eleotrioity per kilowatt hour Delov^" the pres-
ent price; second, a considerable saving would be made by replacing
gas lighting by electric lighting at Mendota Hospital, the Gapitol,
and at the University. 'fhis is especially true concerning the gas
lighting at Mendota Hospital, which is so far removed from Madison
that it is necessary to have a local gas plemt. Third, a similar
saving would result in driving the machinery at the various build-
ings by means of electric motors, the power being supplied from the
central station. In this way several small engines at the Univer-
sity and Mendota Hospital, two steam p\imps at the latter place, and
the hydraulic power at the Capitol, could be replaced by more econ-
omical apparatus.
IMPROVEIvISNT OP 3ERVI0E. This is a very important considera-
tion, probably even more important than the question of greater econ-
omy. Present conditions are such theX the pressure on the incan-
descent lighting circuits at the State Historical Libraory and the
Uhiversity varies as much as ten per cent, or more, and thp.t often
within intervals of less than a minutp. At times the illumination
from gas supplied the Capitol and University is not good and the
pressure on the gas mains varies considerably. Also, it is uni-
versally recognized that electric lighting has many decided advan-
tages over gas lighting. Again, power supplied by means of elec-
tric motors may be much more conveniently applied and controlled
than is the case under existing conditions.
REDUCTION OP PIRE RISK. A oonsiderable reduction of the dan-
ger from fire would result in the substitution of electricity for
gas for lighting purposes in the various buildings under considera-

tion. This is especially the ease at the State Capitol and at Men-
dota Hospital, sinoe iii these buildings gas is the only illaninant
used at present. At the University but a oomparatively small anount'
of gas is used for lighting purposes. This consideration would
have added importance should the state decide to assume its o\Yn in-
surance responsibilit j,es.
SPTilOIiVL iUDVANTAGES AT IvIENDOTA. In addition to the general
points mentioned above, there are several special advantages to be
obtained at the Oapitol, University, and Hospital. Those at the
latter place are peculiar to an institution for the insane. The
principal advf?Jitages here would be the substitution of electricity
for gas for lighting purposes within the buildings and the lighting
of the grounds by arc lamps. At the present tine some of the v/ards
are lighted but very little and some of the "strong rooms" not at
all, because of the destructive inclinations of the violent patients
accommodated in these ciuarters. V/ith electric lighting these wards
and rooms coull be illuminated by specially protected lamps which
oould be controlled by switches entirely out of reach of the patients,
Indeed, it is very questionable as to whether gas should be used as
,an illuminant in any of the wards of the Hospital , since , with so
many irresponsible persons about, either thrcjigh accident or design,
serious results may occur at any time. At present the Hospital
grounds are not illuminated. This is not a serious inconvenience
in the winter, as the majority of the patients are within loors and
those few who have occasion to be out can be carefully watched,
riowever, in the summer the patients are permitted to be outside in
the evenings, especially when entertainments such as band concerts
are in progress. v/ith the grounds not illuminated it becomes a
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diffioult matter to observe tlie movements of all the patients.
SPEOIAi ADVANTAGES AT THE CAPITOL. In the Oapitol two eleo-
trioally operated elevators would be installed, and the old hydraul-
ic elevator removed. This would he a decided improvement , as not
only is the old elevator a source of constant annoyance hut also the
building is so long that a second elevator is needed in the other
wing. Again, the use of gas as the sole source of illumination in
such a large public building is far from being in accordance with
thoroughly modern ideas of safety and sanitation.
SPECIAL ADVANTAGES AT THE UNIVERSITY. In addition to advan-
tages arising from the substitution of electricity for gas for il-
luminating those buildings in which gas is now used, there are sev-
eral other advantages which would result. One would be the greater
ijoonvenience and flexibility obtained in the use of electric motors
[for power purposes. This would be especially apparent in the shops
and engineering laboratories where considerable line shafting could
be advantageously dispensed with. Another advantage would be that
|the engineering students would have a well equipped central station
right at the university. Tests of the boilers, engines, pumps,
dynamos, etc., ooitLd be made in this central station without inter-
fering with the operating conditions. This would mean the same as
k very considerable increase in laboratory equipment In both Elec-
jjtrioal and Mechanical Engineering. A third and very important
advantage would be the illumination of the university Campus, by
peans of arc lamps. At present there are a very few gas lamps
used for this purpose. The use of arc lamps for a more extensive
lighting of the Campus has been considered as most advisable.
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Scope of the Investigation.
Although there are many points to be gained by the establish-
ment of a central lig.^t and power plant , It was perfectly evident
^t the time that the pro;)eot was first broached that the construc-
tion of such a plant would be entirely out of the question unless
it could be clearly demonstrated that the annual expenditures in
this direction would be reduced, or at the most, would not be in
excess of the annual expenditures under conditions such as exist at
present
.
Since it would probably take at least two years from the time
the plant construction is begun before all of the changes would be
made, it la evident that a comparison of the annual expenditures
must be made upon the basis of conditions as they v/ould exist in
not less than two years hence. Again, since the load would be a
constantly increasing one (a condition more and more favorable to
the central plant), and since it would be necessary to consider this
I
increase in the calculation of the central plant , it has seemed but
I
fair to base the estimates of economy of operation upon the relative
annual expenditures in the two oases under conditions which v^ould
probably exist in five years time.
A general outline which indicates the ground covered, and 'A'hioh
shows the general order in v/hich the sub;jeot v/iil be considered, may
be made as follows :-
(a) Estimate of Present Distribution of Load.
Prospective Increase v/ithin Five Years.
1. University of 'tVisconsin.

7O Q i- o I* XT'! /AT* T^ViT^o T»i r
<; • oLSLwc xllSuOX -LOai. JjiDxaiTy*
-
Mendota Ho.spital.
pjSX* xiuau eo. uosu wionin rive xeairs under xxesenu uoncLxi/Xom
i
X* uii-LveTaxty ox wxsooiibxn*
<3» ouave iixs u ojLioa.x xiioxaiy*
o» oXtviijQ oapxuox*
<t» u-oveTnoi: 3 rtesicieiioe •
^
5. Mendota Hospital,
(n \ j^Jl e L inxnai/y risuunaoe ox uiit^ Annttax oosu ox upoxai/xng
wiie irxoposecL oenux ax j^xani* wxunxn ^ x v
e
leajTs.
X* UXlXVc.X oX Oy UX iTXoUUXioXIla
otaue iixsuoxxoax XiXuxaxy*
«3« oUcx(>e oapxuoxa
^« uoveTnor a riesxu.enoe«
5, Mendota Hospital.
General Oaloulations and Design.
J., MaAxniLini xioacis.
ivXXXIig udXvJULXdlw XOXIS*
i» iixunex uonsuxUGtxon*
'i. ooncLLLxi* oons uxuiouxon.
5. Pole Line Construction.
uenurax oi>auxon Jjesxgn.
.
1. Building.
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2. Boiler Room.
3. ]*!ngine and Dynamo Room,
(f) Plstimates of Costs.
1. j3uildiug, C3himney and Forundations.
2. Boilers and Boiler Room Equipm.ent.
3. Engines, Dynamos, Switohboard, Transformers,
Transmission Lines, etc.
(g) Pinal Estimates of Annual Cost of Operation.
1. 3y Present System.
2. 3y Proposed Central Plant.
As lias been stated above, several of the parts mentioned
in this outline, and vvhioh are given later, were worked out by other
persons. The design of the building, ohimney, and foundations, as
well as the estimates of the oosts of the same, v/ere furnished by J.
T. V,'. Jennings, Superintending Arohiteot of Buildings and Grounds of
the University of Wisconsin. The design of the boiler room and es-
timates costs of the same are the work of Storm Bull, Professor
of vSteam Engineering. The final estimates of costs of construc-
tion and operation were made by Dean Johnson, Professors Jackson and
Bull, Ivlr. Jennings, and the writer, after general consultation. As
has been indicated above, D. 0. Jackson, Professor of Electrical En-
gineering, vTas frequently consulted during the progress of the work
iand many very valuable suggestions were received from him. Fi-
nally, acknowledgement is due L. S. Smith, Assistant Professor of
Civil Engineering, for the construction of the original maps from
which the accompanying drawings were prepared.

I(II)
,
ESTIMATE OP PRESENT DISTRIBUTION OF LOAD.
PROSPEOTIVE INCREASE WITHIN FIVE YEARS.
The first step toward determining the oharaotex and size of the
proposed Central Plant was to ascertain ,-]ust what amount of power
irould be reciaired at the various tiuildings , and When the inaxiinujn load
pould oooux in eaoh oase. To aoooraplish this it was necessary to
obtain the present load and then to estiiaate the increase in eaoh ir>-
atanoe after a oarefiil study of all of the conditions. These data
are also used in determining the probable annual cost of operation.
Present Load.
In determining the present load distribution the monthly light
and power bills of the state OapitoL,a:)vemor 'a Residence, and the
various buildings of the Uhiversity were consulted, the bills exam-
ined extending over several years.
As the State Historioal Library had not yet been completed when
this investigation was made. It does not appear in the present load
|oonsideration. The present load at the Mendota Hospital was esti-
mated after investigation at the Hospital and after consultation with
the Director of the Institution.
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A number of the buildings are not used after 8:00 P. M. , and
others only oooasionally after that hour. The ma;)ority of the Uni-
versity buildings are lighted between 4:oo M. and 3:oo P. M. in
the winter months. Again, the shops and many of the laboratories,
|
¥/hioh take considerable power, are in full operation up to 6:po P» M» I
|Ia oareful study of the general conditions shows very clearly that the
maxiinum station load will occur between the hours of 5:00 P. M. and
a: 00 P. M. The power supplied each building between these hours
has, therefore, been estimated. In instances where monthly bills
were available the load has been based upon the bill showing the nax-
imum load for the month, oj.nco the capacity of the central station
would have to be based upon maximum and not average demand. In the
majority of oases these maximum loadti came in the winter months.
Plates I, II, III, IV, and V show in tabular form the results
of the investigation of present load conditions.
Prospective Increase in Load.
Having ascertained the present conditions of load, an estimate
was next made of the increase in electric lighting and power which
Would probably be made in the next five years, a.ue partly to replao- '
ing the present steam and hydraulic power by electric power, and part-
ly to the increase in the light and power load due to the increasing
require-nent s of growing institutions. Plates V and VI show in tabu-
lar form the estimates which resulted from a consideration of this
question.
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17.
Load from 5:00 M. to 8:00 P. M«
The load from 5:00 P* M, to 3:00 P. M. will toe the maxlmuin load
and will, therefore, determine the oapaoity of the central station.
The load for this period of the day may be s-ummarized as follows :-
V/atts.
Present Eleotrio Lighting....... •..68,100
Present Gas Lighting 98,750
Present Eleotrio Power ....a. 47, 350
Total Present Light and Sleotrio Power 313,700
Prospective Increase in Llectrio Lighting 114,300
Prospective Increase in Eleotrio Power li3a^P.50
Total Increase in Eleotrio Light and Power..337,oo0
Total Electric Lighting within Eive Years. . .279,150
Total Eleotrio Power within Five Years 171,100
Total Station Load within Five Years... » >...4o0,250

18.
Preliminary AssuHiptions as to General Design.
Altlio\3gh it tias toeen deemed most advisable to consider the gen- ,
eral subject of design later under a separate heading ^ it is well to
have a general idea of the oapaoity of the station and size of units
j
ilbefore proceeding to the comparison of the annual cost of operating
with the annual cost of operating under present conditions. Indeed,
it is essential to have these general ideas in mind when estimating
some of the items of the annual operating expenses of the proposed
plant
.
Since half of the maximum load is due to the Uhiversity build-
ings and the State Historical Library, and furthermore, since these
buildings are to be heated from the central station as well as furn-
ished with light and power, it is evident that the central station
should be located upon the Uhiversity grounds. The maximum load
indicates that the central station should have a capacity of about
500 kilowatts, especially if any allowance is to be made for reserve
[Units. This would probably be most advantageously operated if di-
vided into units of about 150 kilowatts oapaoity each. A very con-
siderable additional boiler capacity is retiuired for heating purposes,
the total boiler capacity amounting to about 1900 '-i. P. This
could be advantageously divided into units of about 250 H. P. each.
Such a plant as is outlined, if thoroughly modern and operated
jjeoonomically
,
ought to be capable of an efficiency of 4 pounds of
i
ooal per kilowatt hour.
This value has been used in determining the total ooal per annum
ineoessary for light and power.
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(Ill)
PRESENT ANNUAL 00 ST OP OPERATING.
ESTH/RTED Al^AL COST WITHIN FIVE YEARS UNDER PRESENT CONDITIONS.
The present annual operating expenses, inoluding those of the
present Central Heating Plant of the University, were obtained by di-
rect consultation of the books of the various institutions considered.
It will be seen that the University Heating Plant now supplies steam
for the various University Buildings connected by the system of tun-
nels shown on the detail map of the University I3uildings (Map No. 2). i
It also supplies steam for operating a 50 H. P. Cummer engine which
drives the machinery of the University Shops; a 55 H. P. Y/eston en-
gine in the Dynamo Laboratory; a 25 H. P. Ideal engine direct con-
inected to a 15 K, W. Weston electric generator, used by the Physics
iDepartment and for operating pro;5ection lanterns; a small vertical
engine which drives a 2 K. W, generator used for the boiler-house
lighting; and a steam pump which supplies a reservoir in the dome of
University Hall with water from Lake Mendota,"* the average head being
l!
***
Some of this water is distributed to some of the University
buildings and some is used to operate the elevator at the State Cap-
itol.
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about crie-lii;.ndred and ninety (190) Teet. Since it in proposed to
supply all of this heating, as v/ell as tiie light and po\7er, from
the Central Plant, these expenses have been included.
At the time these computations were raade. "botli Library Kail and
North Hall were heated by local furnaces, although it was the in-
tention to extend the tunnels to tliese buildings in the near future.
The only item of expense for ]ieating in each of these-" cases was tlie
cost of fuel, ss the janitor attended to tlie furnace and his ser-
vices v/ould be required even when relieved of tliese duties.
The cost of ligliting tlie Governor's residence is included in
the items of expenditure at t]ie Capitol. The estimates here given
v/ere made before the State Historical Librar:/ end the Engineering
Building were opened to the public, although tlie former building
had been heeted for two seasons previous. The only item for tliese
two buildings considered in present expenses is tliat of lieating the
Library, which is included in ti'.e cost of operating tlie present
heating plant.
* This building has since been connected v/ith the present heat-
ing plant.
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PREnElIT ANNTIAL CPKRATING EXPENSES
IJnivereity Liglit and Power :-
• Electric Ligliting Current §2,365,J26
Electric Power Current 649.56
Illujuinating Gas 537.81
Care of Street Lamps 20.00
Gas Lighting La"bor 70.00
Electric Light and Power Labor 540 . 00
Total $4,182.63
University Central Heating Plant :-
Coal $13,626.85
) Engineers 1,500.00
Boiler House Wages (
) Firemen 894.75
Boiler Inspection, Insurance 85.00
Sundry Disbursements (including freiglit, oil,
waste, belting, supplies, etc. ) 413.33
Repsirs ( including pipe, pipe-covering, etc. ) 492.65
Labor 5 50.34
Total §17,562.92
Heating of South Hall:-
69.5 tons hard coal at $6.67 . . 463.56
Heating of Library nani-
sm. 5 tons hard coal at $6.G7 56 3. 62
Total for Light, Heat and Pov;er .... $22,772.73
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Capitol Light and Power :-
.Cost of GcB Lighting (including maintenance:
legislative year ii;3,2l9.44
Cost of Arc Lighting 672.00
Governor's Residence, Lig}itlng 138.00
Capitol Elevator, 15 H.P. at ^7>0 4f50.00
Ventilating Fan, 10 H.P. at ^^30 300.00
Total (;4, 779.44
Mendota Hospital Light end Power :-
Coal for Gas Plant <'|?2,250.00
Labor for Gas Plant (wages and board) 500.00
Materials for Repairs 50 . 00
Total ^2,800.00
Coal for operating Laundry, Shops ??nd PiJimps
(600 tons at |?3.85 2,310.00
Labor* 400.00
Total for Power . . $2,710.00
Total for Light and Power ..... (S5, 510.00
* This man ^111 not be necessary if th.e power used at the
hospital is furnished by electric motors.
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A very conservative estimate of tlie prospective increase in
! operating expenses was made. No buildings were considered other
I
than those actually built or in progress of construction, and no
items of light and power were added excepting either such as neces-
sarily result from changes and improvements then under way, or such
as were very definitely understood to be necessary witliin tl^.e next
five years.
ESTIMTED AlINUAL COST WITIITN FIVE YEARS UNDER PRESENT CONDITIONS
IJniversitv * —
Heating of. Engineering Building ."ll, 090. 00
Lighting of Engineering Building
(200 lights, 1 liour per day, 260
days per 3''ear, 2,912 K.V/. ]iours
233.00
Science Hall Elevator
(15 H.F. or 11,250 watts. Actual
time of operation, 2 hrs. per day
for 2G0 days per year. 22.5 K.V/.
hours per day at ii;.04, or $.90 per day). . 234.00
Campus Arc Ligjits
f^2,817.00
State Historical Library:
1
Lighting^ (200 lamps, 5 hrs. per day, 260
days per year, 2,912 K.'U. hrs. at $.08) 3,495.00
Library Elevators (15 }i.P. each; 11,250 V.
actual time in use, 2 hrs. per day, 300
days per year, 22,500 watts x 2 ]irs. -
45 K.V/. hrs. per day, at ^.04 ~ il.80
• 540.00
$4,035.00
* See note at end of Part III.
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' Capitol :-
Capitol Elevai or, North Wing (300 clays at J].90) ^ $270.00
Veritilatlns Fans (one in" Nort]i p.ncl one in South
wing; 20 H.P., at §20.00 if mm by electric
motors ) 400 .00
Total $670.00
The totra operating expenses witliln five years v/ere obtained by
'cmbining; the present expenses wit]^. t3:e estimated increase.
Total Annual Operating }i:xpenses within Five Years
under Present Conditions
Present University Expenses • • • ^22,7 72.73
Present Capitol Expenses 4,779.44
Present Ken^'ota Hospital Expenses 5, 510 .
Total of Present Operating Expenses . . . $33,062.17
Total Prospective Increase 7, 522. 00
Total Aracunt of Expenses witlnin Five Years - 040,584.17
* ^ -*
ITOTE:- Tiie lighting bills of tlie Library are at present low-
er than estimated. Tliis is due partly to the fact tliat tlie local
company can not now supply sufficient power, and partly because
the demands with.in five years v/ill be much greater than they are
at present
.
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(IV)
PRELBIINARY ESTIMATE OP THE ANNUAL COST OF OPERATDIG
THE PROPOSED OEfTTR.A.L PLANT WITHIN FIVE YEARS.
This would include the oost of coal for generating electricity
Cor light and power purposes, and that used for heating the buildings
now supplied by the laiiversity Heating Plant and for heating the En-
gineering Building, Library Hall and South Hall. It would also
include repairs, renewals, supplies, wages, labor, sundry disburse-
ments, office expenditures and superintendence.
Coal Used for Electric Plant.
In obtaining the coal used for generating electricity it was neo^
essary to ascertain the total kilowatt hours per annun used for light
pind power at each building. The Icilovratt hours per annum supplied
^rom the Central Station was then taken as the sum of these items,
due alloY/ance being made for transmission losses.
The estimates of the total kilov^att hours per annum supplied to
the various buildings are shown on Plates VII and VIII.
jvhenever possible, these figures have been based directly upon the
^ctual bills rendered. In other cases it has been necessary to in-
Vestigate the conditions and even to make tests in some instances
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before making the oaloulations.
The total kilowatt hours per annum may be summed up as follows :-
University of Wisconsin :- Kilowatt Hours.
Present Eleotrio Lighting ^9,600
Present Gas Lighting o....4,800
Aro Lamos on Campus 12,300
Engineering Building Lighting .'j,000
Total Lighting 49,600
Present Eleotrio Po\Yer .,,a.co.o» ••••••13,300
University Shops Power G0,b00
Eleotrio Laboratories Pov/er ..29,100
Physios Department Po\7er lOjbOO
Soienoe Hall Elevator 8,700
Soienoe Hall Ventilating Pans (3,000
Total Power 140,900
Total Light and Power 190^500
Assuming an effloienoy of 85 ^, the total
supplied to the University from the switchboard
of the Central Plant would be 224,100
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State Historical Library:- Kilowatt Hours.
Eleotrio Lighting 58,200
Electrio Power 13,400
Total Light and Power VI ^000
Assuming an effioienoy of 85 ^, the total
supplied to the Library from the Central Plant
switchboard would be 84,300
State Oapitol and Governor's Hesidenoe:-
Incandesoent Lighting ,900
Aro Light ing • 8 ,200
Governor • s Residence
,
Lighting . ...^ •..•1 ,700
Total Lighting 42,800
Oapitol Elevators •••••20,100
Ventilating Paas ....4V,000
Total Power,. •••• • 67^100
Total Light and Power 109,900
Assuming an effioienoy of 8 5 ^, the total
supplied the Capitol and Governor's Residence
from the switchboard of the Central Plant

31.
Mendota Hospital:- Kilowatt Hours*
Inoandesoent Lighting 57,300
Aro Light ing 4,900
Total Lighting. • 82,200
?0W67 fox Laundry* •o«o*oo««oooo«*«*o«««o«»*0« ^ ^ » <> ^l^^SOO
Power for Shops»«.oooooooo*<,.ooo«o«.o- . . , •••••i.^OOO
Power for Pamping Water for Drinking Purposes 2,700
Power for Pumping Water for General Purposes 27,800
Power for Dumb Waiters... 1,400
Total Power 50,400
Total for Light and Power 112,600
Assuming an effioienoy of 80 ^, the total
supplied to Mendota Hospital from the switch-
board of the Central Plant would be 140,750
l;
, , , » , o ,
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The total kilowatt hours per annum at the Central Plant may be
briefly summarized as follows:-
Kilowatt Hours.
Total at Switchboard for University 224,100
Total at Switchboard for Library 84,300
Total at Switchboard for Capitol 129,800
Total at Switchboard for Mendota Hospital .140,750
Total at Switchboard 578^750
It was estimated that the proposeo electric plant could be oper
ated upon 4 pounds of coal per Xilowatt hour.
Tons
.
578j750 K. hrs. at 4 lbs. coal per K. W. hr 1^1157
The cost of coal for light and power is based
upon the price per ton paid by the University
in 1900 - 1901,
1,157 tons of coal at $3.45 per ton... $3^991.65
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Goal used for Heating.
In obtaining the ooal used for heating buildings now connected
with the university Heating Plant it was necessary to deduct from
the total ooal that which was used for power purposes. The total
ooal supplied to the university Heating Plant for the year 1899 - 1900
kmounted to 4,344 tons and cost #13,826.85.
The amount of coal used for power purposes for that year was
estimated as follows :-
University Shops:- Tons.
30 H. P. , 8 hrs. per day, 260 days per year;
62,400 H. P. hrs., at 5 lbs. ooal per H. P. hr 156
Eleotrioal Laboratory :-
25 H. P., 5 hrs. per day, 260 days per yeaj,
32,500 H. P. hrs., at 5 lbs. coal per H. P. hr 32
Physios Department ( Including Lantern Current).
20 H. P. , 5 hrs. per day, 260 days per year;
2,600 H. P. hrs., at 6 lbs. ooal per H. P. hr 65
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Capitol Elevator (Hydraulic);- Tons.
5,000 lbs. water per trip, 225 trips
per day, 300 days per year; 19^2 ft. lieadt
64,800,000,000 ft. lbs. of work done by
pump; at a duty of 50,000,000 ft. lbs. per
1,000 lbs. of steam this would be 1,396,000
lbs. of steam. Taking 7 lbs. of steam per
lb. of ooal, this gives 93
Boiler House Light s:-
15 lamps, 3,000 hrs. per year; 45,000 lamp hrs.,
2,520,000 watt hrs. per year. At 40 fo effi-
oienoy from engine indicated to lamps, this
amounts to 8,450 H. P. hrs. per year. Tak-
ing 7 lbs. of ooal per indicated H. P. per
hour, this gives ••••.•«• ..^oSO
Total ooal used at University Hieating Plant for
Power Purposes 426
Cost of ooal used at Iftiiversity Heating Plant
for Power Purposes, at #3.14 per ton #1,337.64
*
Uhe head of 192 feet is from surface of Lake Mendota to the
level in the reservoir in the IMiversity Hall dome.
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In estimating the ooal used at the Central Plant for heating
pijrposes It was assumed that praotioally the same amount of ooal
would be necessary to heat the buildings as is used under the pres-
ij
ient conditions, since any slight increase in loss due to longer mains
would be more than compensated for by the increased efficiency under
the new system*
The cost of coal used for heating was estimated as follows :-
Annual Cost of Ooal at Ilhiversity
Heating Plant, (year 1899 - 1900) ...^13, 636. 85
Deduct for Power Purposes 1,337.64
Total coal used for heating buildings now
connected with Uhiversity Heating Plant* $12,389.21
Goal for heating Library Hall 563.62
Goal for heating South Hall 433.53
Goal for heating Engineeiring Building ^1,090.00
Total Annual Cost of Goal for heating §14,406.39
This includes ooal used for pumping water for University build-
ings.
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Wages of Employees.
It is estimated that dmring the ten months of the year when the
|Uhivarsity is in session it will be necessary to employ three engi-
jneexs and three firemen with shifts of eight hours, one engineer and
one fireman being on duty at any one time.
During two summer months the work would become so light that it
oould be performed by two engineers and two firemen working in twelve
hour shifts. A wiper would also be necessary during ten months of
the year. In addition to this force there should be one eleotri-
oian and one steam fitter, eaoh of whom would be employed the year
around.
The wages of regular employees may be summed up as follows;-
lOhief Engineer (12 months) » |900.00
1 Assist ajit Qiglneer (12 months) 480.00
2 Firemen (12 months) .930.00
1 Assistant Engineer (10 months) 400.00
1 Fireman (10 months) ..400.00
1 Wiper (10 months) 400.09
1 Electrician (12 months) » 720.00
1 Steam Fitter (12 months) 730.00
'
Total ^5,040.00

37.
Inoandesce'nt Lamp Renewals,
The inoandesoent lamp renewals per annum were estimated by find-
ing the total kilowatt hours per annum used for lighting and assuming
750 hours as the average life of lamps. The estimate is as follows:-
r
Kilowatt Hours.
Total Inoandesoent Lighting at the University 37,300
Total Inoandesoent Lighting at the Library 53,300 'i
i
Total Inoandesoent Lighting at the Capitol 34,600
Total Inoandesoent Lighting at Mendota Hospital 57,300
Total -.187,400
Assuming 56 watt lamps and 750 hrs. life,
this would mean 4,500 lamps per annum.
Oost of 4,500 inoandesoent lamps at |.18 |810. 00
The number of arc light carbons was estimated
by oonsidering the total number of aro lamp
hrs. per year and assuming 100 hrs. for 1 1/2
oarbons. This amounted to 620 oarbons per
annum and 1,000 oarbons were considered as nec-
essary. Oost of 1,000 oarbons at $35.00 ,. ^ ....$25.00
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Surniaary of Annual Operating Expenses
.Several other iteras, such as extra labor, repairs, supplies,
superintendence, etc.
,
have been estinated, tlie figures being bas-
ed upon actual expenses whenever possible. A suimaary of the an-
nual operating expenses of the proposed Central Plant raay be made
as follo'.?s:-
Total Coal for Light and Power |3,991.65
Total Coal for Heating 14,40e.o9
Total Wages 5,040.00
Incandescent Laiap Renewals 810.00
Arc Carbons 25.00
Boiler Inspection, Insurance 150.00
Repairs on Heating Plant (including pipe, pipe-
covering, etc. ) 600.00
Repairs on Light and Power Plant (including re-
pairs on machinery , transmission linep. , etc. 500,00
Extra Labor 250.00
Sundry Disbursements (including freiglit, oil,
v/aste, lamp globes, general supplies, etc. 1,000.00
Superintendence and Office Expenditures 1,500.00
Total Annual Cost of Operation .... o28,273.04
* The repairs on the heating plant are based directly upon
the present annual expenditure In this direction.

39.
(V)
G3C>nfRAL OALCmATIONS AND DESIGN.
The general oondltions of the problem, oonsidered in Parts I
and II, may be briefly reviewed as follows
The maximum load within five years would amount to about 500
kilowatts and would oooux between 5:00 P. M. and 6:00 P. M. Fully
one-half of this power is supplied to the various buildings of the
University and the Historical Library (looated on the University Cam-
pus); many of these buildings (including the Historical Library) are
to be heated by steam supplied from the proposed central station.
These considerations resulted in locating the central station on the
Uhiversity Campus. The site selected, indicated by No. 1 on the
maps , is situated on the edge of Lake Mendota and is not' far removed
from the present Central Heating Plant of the University, which is
the unnumbered building directly north of Science Hall (No. 9).
Maximum Loads.
The general method of obtaining the distribution of load was
oonsidered in Part II, and the 5:00 P. M. to 6:oo P. M. load was
shown in Plates I, II, III, IV, V, and VI. .
These loads are shown on Map No. 1 in the table entitled "Dis-
tribution of Load. " In this table are also given the distances of
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the various buildings from the central station and tlie probable total
kilowatt hours per annum for the Capitol and Governor's residence
^
Ifendota Hospital, Historical Library, and the University buildings.
It will be remembered that these latter figures were obtained by a
oonsideration of the present yearly consumption and estimates of the
additional annual consumption under the new conditions after rive
years' growth.
The distance from the proposed central station to the Oapitol
Is over one mile, and th8.t to Mendota Hospital is over seven miles.
Ibout two-fifths of the ultimate electric generating capacity will be
used for power. These considerations led to the choice of the
three phase alternating current system for the electric plant.
It is proposed to make use of the steam heating tunnels on the
tJhiverslty Campus in running circuits to the various buildings so
connected. With unprotected rubber covered wires (proposed for tun-
nel wiring) the line pressure in the tunnels should not be greater
than about 500 volts. This is sufficiently high for the compara-
tively short distances to the Historical Library and the various Uni-
versity buildings. With this pressure motors may be operated di-
rectly and it becomes necessary to use transformers only for the
lighting service at the buildings mentioned. A little computation
ji
showed that the proper pressure to use in transmitting power to Men-
dota Hospital would be in the neighborhood of 5,000 volts, and to the
Oapitol, at least 2,000 volts.
Since more than one-half of the power is uaed at 500 volts pres-
sure, and since, moreover, it is desirable for many reasons to have
j|3omparatlvely low pressure generators, this has been taken as the gen-
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erator pressure. It then becomes necessary to use transformers at
the central station only for the transmission lines to the Capitol
and Mendota Hospital. Since 5,000 volts is not excessively high,
it has been thought advisable to transmit to the Oapitol as well as
to Mendota Hospital at this pressure, thus avoiding two different
line pressures.
The Central Station.
Before entering upon the design of the central station it is de-
sirable to know just what circuits are necessary, where these cir-
cuits run, the power supplied to each, etc. The central station
will, therefore, be considered later (Part VI) , and we will now pro-
ceed to a discussion of the transmission lines.
The Transmission Lines.
It has been considered necessary to place all wires underground
which are run in the immediate neighborhood of the Oapitol and the
university. As far as possible this has been done by running the
oItcults in the tunnels on the Campus. However, it has been found
necessary to install four short conduit lines. Three of these are
for the 5,000 volt lines, and one leads north from University Hall
(No. 13) to a point, L, on the University grounds, from which point a
pole line extends to the various University buildings to the north.
The various circuits, so far as practicable, have been repre-
sented on l»Iaps Nos. 1 and 2. These maps show, in general, the lo-
cation of the University buildings, the Oapitol, the Governor's resi-
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Idenoe, and tlie Mendota Hospital Grounds.
THe wiring in the tunnels to the Historical Library and the va-
rious university buildings, consists of rubber covered wire. The
tunnel wiring is not represented on the map but is shown on Map No. 1
In the table entitled "Description of Circuits."
The underground construction consists of lead covered cables
placed in conduits. It is represented on the maps by blue lines for
\
single phase, and yellow lines for three phase circuits.
When two or more circuits are neoessairyt each circuit is run in
a single lead cable, and the various lead cables placed in separate
conduit ducts. A blue line thus indicates one two wire cable, and a
yellow line indicates one three wire cable. The conduit should be
Oamp Duct
,
McHoy Conduit , or the equivalent . The pole line con-
struction is represent?>d on the map by red lines for single phase,
and green lines for three phase circuits. A red line thus indicates
one two wire circuit , and a green line indicates one three wire cir-
cuit .
The Mendota Hospital Line is laid down on the proposal that the
State shall secure a right of way for the pole line alongside the
right of way of the C. & N. W. R»y» ^ox the distance between the
points E. and P. (Map No. 1).
The various lettered points on the maps are in general places at
which taps are made or where the character of the circuit changes.
They may be briefly explained as follows :-
A.- Beginning of pole line between the University and the CapitoJ.
End of conduit from the central station. I
3.- "Rnd of the pole line between the University and the Capitol.
Beginning of conduit to Oapitol.
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C- Beginning of the Mendota Hospital pole line, after leaving
the Oapitol.
End of oonduit from Capitol.
D.- Branolx from the Mendota Hospital pole line, leading to the
Governor's residenoe*
E»- Interaeotion of Washington Ave. with the 0. & N, R'y«
T3nd of the 50 ft. pole line to Mendota Hospital and begiming
of the 35 ft. pole line.
F. - Intersection of 0. & IT. W. R»y v^ith the highway leading to
Mendota Hospital.
G.- Tap from Soienoe Hall line leading to liiigineering Building, i
H.- Tap from Ladies* Hall line leading to Law Building.
I. - Tap from State Historical Library oirouit to Gymnasium*
J.- Tap from Ladies* HiSLll line leading to Library Hall.
K.- Tap from Uhiversity Hall line to North and South Halls.
L.- Beginning of pole line to Dairy Building, and end of oonduit
line from i^iiversity Hall. The dairy Building oirouit
,
which supplies all the farm buildings and the Observatory^
is run through the tunnels as far as University tlall, sino^
the pressure is but 500 volts. This saves about 1,000
feet of oonduit construction.
N.- Tap from Dairy Building line to Observatory.
P.- Tap from Dairy Building line leading to Dairy Barn.
Q.- Tap from Dairy Building line to Horticultural Hall and pro-
posed Agricultural Hall.
R.~ Tap from Dairy Barn line leading to university Barn.
In calculating the sizes and lengths of wires it has been
necessary to Know the distances between various points. Those whicli
have been used in the calculations are given below.
Prom To, Distance in
Feet.
Central station Gymnasium. 1550
Central Station Historical Library. 1250
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From To Distanoe in
r eet •
Central Station Soienoe Hall. 700
Gentral station Gxieniioai Laooratory 400
Central Station Machine Shops & Eleo, Lab, 350
Central Station Engineering Building- 1000
Gentral Station Law Building 1150
Central Station Library Hall 1250
Central Station Ladies* Hall 1400
Central Station North Hall 1300
Central Station South Hall 1450
Central Station university Hall 1600
Gentral Station Observatory 3300
Central Station Hortioultural Hall 4000
central Station Dairy Building 3950
Central Station University Barn 5000
Central Station Dairy Barn 5750
Central station State Capitol 7700
Gentral Stat ion Mendota Hospital 38600
D Governor's Residence 2600
University Hall L 800
L Dairv Buildine' 1650
N Observatory 400
Q Hortioultural Building 150
P Dairy Barn 2200
R university Barn 100
Central station A 2200
A B 4400

45,
Fiom
A
Capitol
E
Capitol
To
Capitol
E
Mendota Hospital
(3-overnor»3 Residenoe
Distance in
Feet
,
1100
800
6800
22500
4400
WIRXNG CALCULATIONS. All wiring (except the Mendota Hospital
line) has been calculated upon tlie assumption of a five per cent,
line loss. The Mendota Hospital line loss has been talcen at ten
per cent. Separate circuits for light and power are proposed, ex-
cept for the Mendota Hospital. In calculating the three phase
lines the calculation has been inade the same as for single phase and
wire of half the calculated cross section has been taken. This is
the general method of calculating three phase lines and gives the
size of wire for the same per cent, loss as in the single phase ^ the
weight of copper being seventy-five per cent, of that of the single
phase line.
In all cases the wiring has been figured by considering the raax-
±mm load which might be supplied to the building which in several
Instances exceeds the 6:00 P. M. to 6:oo P. M. load. The wiring
oaloulations have been condensed and placed on Plates IX and X«
The size of wire has been calculated in each case upon the assumption
that independent lines would be run to the various buildings. The
were afterwards combined to s^^e extent, certain buildings being
grouped and supplied from the same circuit. This grouping is shown
on Plate XI.
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Sinoe some of the oiroults consist of rubber covered wire, some
of weatherproof wire and some of lead covered cable, and still oth-
ers of combinations of these three, the size, length, ejid. kind of con-
ductor are shown for each circuit on Plates XII and XIII.
TUNNEL OONSTRUOTION. The wire used in the tunnels will be
rubber covered and will be put up with porcelain cleats which will
be spaced 10 feet apart on the straight runs and at shorter intervals
where required. The sunount of rubber covered wire to be used in
connection with the tunnel construction is shown on Plates XII and
^UI and may be summarized as follows :-
Size of Wire Number of Peet*
(B. & Ctauge).
0,800
2 11,000
3.O. 3,000
4 6,500
6 .ece <^ fHOO
8 , ...1,000
10 1,700
COKDUIT OONSTRUOTION. As was stated at the beginning of Part V,
Camp Duct
,
MoRoy conduit , or the equivalent is to be used for the oon-
lauit construction. In the general design and in the calculations of
costs McRoy conduit has been assumed. A two duct conduit is nec-
essary between points 16 and L (Map No. 2) , and between points 2 and
(Map No. 1)* Between points 1 and A (Map No. 2) and points B and
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2 (Map No. 1) a three duot oondult would be necessary. However,
3lnoe at some future time it migtit be necessary to Txm the lighting
circuit to Mendota Hospital independent of the power circuity it was
thoiaght desirable to install a four duot circuit in these oases, par-
tlo\ilarly since the cost of laying a four duot conduit is less than
that of laying a three duct conduit , because of the reduced width in
the four duot conduit.
LAYING THE CONDUIT. The trench is to be dug to sudh a depth
that the top of the conduit when in plaoe shall not be less than thiry
ty inches from the surface of the street or ground in which the con-
duit is laid. "Fhe bottom of the trench is to be carefully graded
80 that water will be drained into manholes. In case of level sec-
tions the grading is to be so performed that the oonduit is slightly
higher in the middle of suoli sections in order to insure proper drain-if-
age to the manholes. The bottom of the trench is to have a uniform
layer of Portland cement concrete three inche^ thicK» The ducts
are to be placed on this concrete, carefully aligned, and the joints
cemented. The ducts are to be Kept perfectly smooth inside and pref
sent no obstructions, particularly at joints. A straight line is
to be preserved between manholes, as far as possible. A wire is
to be placed in each duct, to be used afterw^ds in drawing in the s
lead covered cables. After the conduit has been placed in posi-
tion, a uniform layer of Portland cement concrete two inches thick is
to be placed on top of the conduit to serve as a protection for the
same. Plate XIV shows sections of construction for both the two
and the four duot conduits.
MANHOLES. The manholes are placed about 350 feet apart on the
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average • They are placed at all bends and also at the ends of seo-
'
tlons when these ends are not at buildings. Plate XV sho^s the
four sections of conduit and the number and location of manholes for
leaoh section. The total number of manholes required is thirteen.
3!hey should be 4 feet square and 6 feet deep, with covers 30 inches
in diameter. The general construction of the proposed manhole is
shown on Plate XVI.
OOKDUIT LINES. The conduit lines necessary, shown on Plate XV
^
are the following :-
One Two Duct Oonduit
,
Prom miversity Hall (No. 16) to point L (Map No. 2),
Length of 600 feet , contains one No. 2 two conductor
cable and one No. three conductor cable. 2 manholes*
One Pour Duct Oonduit
,
Prom Central Station to point A (Map No. 2). Dis-
tance of 2,200 feet, contains one No. 8 two con-
ductor cable, one No. 6 three conductor cable,
and one No. 10 tliree conductor cable. 6 manholes.
One Pour Duct Oonduit,
Prom point B to Oapitol (Itop No. 1). Distance
of 1,100 feet, contains same cables as from cen-
tral station to point A. 3 manholes.
One Two Duct Oonduit
Prom Capitol to point (Map No. 1). Distance
of 800 feet, contains one No. 10 two conductor
cable and one No. 6 three conductor cable. ^ manholes.





LEAD OOVSRHD OA-BIiB. THe lead oovered oable to be used in oon-
struotlon is shown on Plates XII and XIH and may be summarized as
folldwrj
Two Oonduotors (B. &. 3, Gauge). Number of Feet.
No. 2 600
No. 8 3,300
No. 10 ,.,„800
?Iiree Conduct or s (B. ^ 3. Gauge).
No, <600
No. G ...4,100
NO. 10 « c 3*300
VQIM LUTE OONSTRITOTION. The pole line construction consists
of poles varying from 35 to 30 feet in length, as specified in the
aooompanying sheets. These poles are spaced 120 feet apart, and
are equipped with four and six pin cross arms
,
pins , and insulators
as specified; the wiring in all oases being triple braid weathear-
proof wire. The pole line construct ion has been divided into sev-
eral parts, as follows:- Line from corner of Johnson and Park Sts.
to corner of Mifflin and Pairchild Sts. (P'rom A to B on Map No. 1).
Distance 4,400 feet, poles spaced 120 feet apart, making 37 + 10 -
41 poles. These poles to be 50 feet long with 8 inch tops and set
7 feet in the ground. Each pole is to be equipped with two six pin
cross arms and eight cxep groove, double petticoat insulators. On
Johnson St., where the line crosses Bassett St., use two 55 foot and
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two GO-foot polos on eaoli side, In order to cross over telephone
wires on Bassett Street.
No. of 50-foot poles 33
|
No. of 55-foot poles .4
j
No. of GO-foot poles 4
No. of six-pin orcos arras 82
No. of insulators 328
i
No. of pins 328
!
The 8 wires carried are:-
No. 8 B. & S. gauge 2
No. 10 B. & S. gauge 3 i|
No. 6 B. & S. gauge 3 i
i!
Line froKi corner, of V/ebster St. and "Washington Ave. to inter-
section of Washington Ave. and C. & N. iiV. R'y (from to E on Map
No. 1). Distance 6,600 fe'^t, poles spaced 120 feet apart, mailing
55 + lofo = 61 poles. These poles to "be 50 feet long with 8-inch
tops and set 7 feet in the ground. Each pole to y^e equipped with
one four-pin cross arm, three pins and tliree deep groove, double
petticoat insulators. At the intersection of Washington Ave. i^Tith '
c. & N. ^^r. R'y (point on Map No. 1), four 55-foot and foiu? 60-foot
||
poles should toe used in getting "by Fuller & Jolmson v/orKs, crossing .
I telegraph wires, etc.
No. of 50-foot poles 53
No. of 55-foot poles 4
No. of 60-foot poles 4
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No. of Foiir pin arms
...61
No. of Insulators 133
No. of Pins
, ,183
The 5 Wires Carried are:-
No. 3 B. & S. aauge a
No. 10 3. S. aauge 2
(to point D).
Line from intersection of Wasliington Ave. and 0. & N. W. R»y to
Mendota Hospital, (from E to Mendota Hospital on Map No. 1). Dis-
tance 22,500 feet; poles spaced 120 feet apart, raaKing 188 + 10^ =
207 poles. These poles to be 35 foot poles with 7 inch tops set 6
feet in the ground. Each pole to be equipped v/ith one four pin
cross arm, three pins, and three deep groove, double petticoat insu-
lators. About 10 ^ of the poles should be 40 feet long because of
trees and other obstacles.
No. of 35 foot poles 133
No. of 40 foot poles .19
No. of Poup pin cross arras .......207
No. of Insulators 321
No. of Pins.. a 621
The 3 Wires Carried are:-
No. 8 B. & S. Oauge 3
Branch from Mendota Hospital pole line to Governor's residence
(from D to 3 on Map No. 1). Distance 2,600 feet; poles spaced 120
feet apart
,
making 22 + 10 ^ =25 poles. These poles to be 50 foot
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poles with 8-inc3i top?? and set 7 feet in the p;roimcl. Each pole to
be equipped v/itli one •four-pin cross arm, two pins, and two, deep
groove, double petticoat insulators.
No. of 50-foot poles" -.25
No. of four-pin cross arras .... 35
No. of pins 50
No. of insulators 50
The 2 wires carried are:-
No. 10 B. ?c 8. gauge 2
From State and Mary streets to Dairy Building (frora L to 18 on
Map No. 2). Distance 1,650 feet; poles spaced 120 feet apart, mak-
ing 13 + lOfo = 15 poles . These poles to he 35 feet long with 7-incl|
tops and set G feet in the ground. Each pole to he equipped witli
two four-pin cross arras, five pins, and 5 deep groove, double pet-
ticoat insulators. This estimate includes tap to Ilorticultiiral
Ilall (No. 19).
No. of 35~foot poles 15
No. of four-pin cross arras . . . .30
No. of pins 75
No. of insulators 75
The 5 wires carried are:-
No. 2 B. & S. gauge 2
No. B. o: S. gauge 3
From point 16 on Dairy Building line to Observatory (IV). Dis-

'r
i
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SUMiaRY OF POLE LINE MATERIAL
No. Of 35 foot poles 227
No, of 40 foot poles... ....19
No. of 50 foot poles .111
No. of 55 foot poles ...•8
No. of 60 foot poles 8
No. of Pout pin oross arms.... 367
No. of Six pin oross arras ..R?3
No. of Pins 1,365
No. of Insulators ..1,365
SUMMARY OP WEATHKRPROOP WIRE. 'me weatherproof wire to toe
used in oonneotion with the pole line oonstruotion is shown on Plates
XII and XIII, and may be summarized as follows
Size of Wire. Number of Feet. Number of Pounds.
(B. & S. Oauge).
5 ,000 2,000
2 , 9,900 2 ,500
5 600 00
6 100,500 11,350
8 13,a00 1 ,100
10 22,100 1 ,200
Total number of pounds 18,240
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TRANSPOHMERS. These have "been arranged to feed two or more
buildings whenever possible • In many instances the load at one
building is so large or the building so isolated (or both) that it is
necessary to place transformers at individus.l buildings. For the
buildings of the University and the Historical Library, transformers
are necessary for lighting only, since motors are to be connected di-
rectly to the 500 volt mains. At the Oapitol and Mendota Hospital
it is necessary to use transformers for both light and power. The
transformers necessary at the station will be considered in Part ¥!
A summary of transformers, showing sizes, location, ratio of trans-
formation, number needed, etc. is given on Plate XVII.
V
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The Building.
The general design of the building is due primarily to Vj:. J, T.
W. Jennings. The ohaxaoter of the ground, levels, eto. , are shown
on the Oontour and Profile Maps on Sheet No. 3.
The building is long, narrow and low, with a flat roof, set upon
the shore of Tjake Mendota under the bluff ;just north of the Universi-
ty Shops. The site includes that now oooupied by the present pump
house , and apaoe is provided in the plans for the location of the
pumps in a room ;)ust west of the generating room. The general plan
and north elevation of the buildng are shown on Sheet No. 4. It is
i
jdesigned to faoe the laKe and the boiler room, whioh is 51 feet wide,
oooupies the eastern portion, while the generator room, whioh is 61
i
feet wide, oooupies the western portion. The east end of the buildf
ing outs into the bluff, thus permitting the dumping of the ooal into
the ooal bunkers through hatchways directly from the upper level.
The foundations rest upon oak piles driven to refusal. The
heads of these are capped with concrete below the low water line*
The concrete oap under the chimney is further stiffened with 12 inch
steel beams. Above the footings and below the water-table, or be-
low ground, the foundation walls and retaining walls are to be laid
[with Waukesha stone, large block rubble, laid with Milvraukee cement
mortar, (one part oement to three parts of sand). The water-tables
j
Sills, and coping are of Bedford stone; the backing brick is common
jlooal brick and the faoe brick is Gray Hydraulic Pressed brick costing
$24.00 per thousand.
The floors are to be of Portland cement concrete, composed of
one part of Portland oement, two parts of sand, and five parts of ||
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broken stone from local quarries. This is to be finished off with
a granitoid top composed of one part Portland oement , one part sand,
and five parts crushed granite screenings, the same to be laid in
four foot squares.
The interior walls will show the briok with ;joints neatly struck
for pointing. The posts and girdeTR will be of steel, the posts
to be built of "Z" sections and the girders to be lattice steel angle
girders. Deok beams will be of steel, the space between beams be-
ing arched with brick and the spandrels of the archings filled to a
height of four inches above the crown of arches with Portland concrete
similar to that used for floors. The whole is to be finished with
a granitoid top the same as for floors. The skylights, lighting
the engine and boiler rooms , v^ill have galvanized iron frames and
one-half inch ribbed plate glass glazing. The hatchways are to
have cast iron frames and covers, surrounded with protecting railings
of gas piping.
All glazing is to be done with American A.A. D.T. glass. The
pediments over doorways, panels and pilaster capitals, and ornaments
lare to be of terra cotta, in oolor to match the oriok work. All ex-
terior wood and iron work is to be painted with three coats of lead
and oil paint, in tints to be selected. The interior wood work is
to be given three coats of lead and oil, and the interior brick work
is to be sized and painted with three coats of lead and oil.
OHIMITEY. The chimney will make a striking feature in the land-
scape when viewed from any direction, and it is, therefore, designed
j
to give the impression of a great circular shaft with a graceful tapeXf
and some architectural decorations.
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Tlie ohimney Is to be built of hard burned sewer briok, faced
with the same kind of pressed briok as is used for the building walls
i
The pedestal and shaft of the ohimney will be ornamented with terra
ootta and moulded brick (more extensively than is shown in the draw-
ing) and the bell of the chimney finished with terra ootta and moulded
brick and is to be provided with a oast iron cap. The ohimney walla
are to be double throughout , the inner of flue wall to be independent
of the outer wall, providing for expansion, etc.
The chimney has a cylindrical inside diameter of 9 feet, and a
total height of 185 feet from the boiler house floor • The general
dimensions of the ohimney have been worked out by Professor Bull and
the size is ample for a boiler capacity of 2,500 H. P., or more»
Computations made according to the formulas proposed by William Kent
show that the chimney is of sufficient size for a boiler capacity of
i
^bout 2,700 horse-power. In these formulas, Kent has considered a
1!
ooramerolal H. P. to demand the consumption of 5 pounds of coal per
hour. Computations, according to Molesworth's formula, show a ca-
pacity af about 10^500 pounds of coal burned per hour. Assuming
4 pounds of coal burned per hour as 1 H. P. , this gives about 2 ,600
H. P. boiler capacity.
The ohimney is 20 feet square at the base which is in accordance
with the general rules of design which require that the outside diam-
eter at the base should not be less than one-tenth of the height.
*
"Chimney Design" by W. W. Christie, Chapter III.
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It is almost exactly the size of tlie Montreal (Canada) Street Railway
Company • 3 Williams street Power House ohimney** This (built in
1894) is 190 feet high above the firegrate, with a flue 9 feet in di-
ameter. It has a square pedestal base which is 18 feet sqixare out-
side. This chimney has connected to it 3,000 H. of boiler oapao--
ity.
The chimney is probably somewhat larger than is necessary and
might, perhaps, be out down to 8 feet in diameter and 175 feet in
height. However, it should be remembered that the location is not
of the best for draft , as the power house is under a bluff and the
chimney is to some extent shut off, because of some neighboring build-
•
ings on still higher ground, rising above the top of the chimney.
The Boiler Room.
The boiler capacity (used for heating purposes) now installed
in the present central heating plant is about 1^100 H. ?• The neo--
jessary boiler capacity for steam heating urider the new conditions
llwas estimated (by Professor Bull) to be 1,500 H. P. The maximum
station load within two years will not be more than about 300 K. ¥.
,
which would correspond to an engine capacity of 450 H. P. , and for
the present needs a boiler capacity of 500 boiler H. P. would be ample
"Ohimney Design" by W. V/. Christie, page 117.
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for the eleotrioal plant if it were operated independently. Hhe tol-
tal boiler oapaoity proposed for immediate needs is 1,975 H. P., ?rMoU
is almost equal to the 3\im of the oapaoities required for heating piir4
poses and for the eleotrio plant , talcen separately. This large
oapaoity certainly permits of a very wide margin of safety for two
reasons.
?irst , an increase of effioienoy would result in the steam heat-
ing system by the remodelling of the tunnels, by the use of better
and larger boilers, by the better facilities offered at the new boil-
er house, etc.
Second, the maximum eleotrio load ooours between 5:00 P» M. and
6:00 P. M., at a time of the day when there is comparatively little
call for steam heating.
It is reasonably certain that the assumed boiler oapaoity will
permit of at least one unit of 250 H. P. remaining idle without over-
loading the other units, even under conditions of maximum load.
Since there are several comparatively new boilers of fair size irj
the present heating plant, it is proposed to move certain ones of
these to the new plant* These boilers are shown in the two banks
at the east end of the boiler house. The first bank consists of
three tubular boilers rated at 125 H. P. each. The second bank con-
sists of one 150 H. P. "Standard" water tube boiler and one SOO H. P.
"Babcock and Wilcox" water tube boiler.
It is proposed to install 1,250 H. P. capacity in addition to
make up the 1,975 H. P. deemed necessary. These will be water tube
boilers rated at 250 H. P. each. The new boilers are shown in three
banks directly west of the old ones. The first two banks are of
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500 P. eaoH and the third oontains one 250 H. P. boiler. Space
is left for the installation of 750 H. P. additions! boiler capacity.
Further additions may be made, if necessary, by replacing the old
boilers at the east end of the boiler room and extending the buildingi
to the east. The new boilers are to be provided with chain grates,
and hoppers are to be constructed for feeding the coal into the stok-
eis« A sectional drawing showing the arrangements for the econom-
ical handling of the coal is shown on Sheet No. 3.
HEADERS. Since the boiler pressure for steam heating is not
more than 50 pounds per square inch, while that for the electric
plant is about 150 pounds per square inch, independent headers are
used for these two purposes. The steam heating header is arranged
so that it may be connected to any or all boilers. The new boilers
only are connected to the header for the electric plant.
PIPING. The piping for steam heating purposes was determined
by Professor Bull, and has been represented according to his speci-
fications.
The size of the steam pipe for the electric plant has been oal-
oulated for an average steam velocity of 60 feet per second. This
is rather low (80 feet per second being a more average value) but
the main is quite long and has two right angle bends and it was
deemed advisable to have a steam main large enough to ensure a uni-
form flow of steam, throughout the stroke of the engines.
COAL BUNKEEIS. As has been indicated in the description of
the building, coal bunkers have been provided with a storage oapao-
ity of two thousand tons. This is one-third of the total yearly
consumption and is considered ample to provide against all contin-
gencies which may arise.
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The Generating Room,
Three asaiimptions were made in Parts II and III whioh affeot
the general design of the eleotrio station. These may be briefly
stated as follows
First, a generator pressure of 500 volts was considered most ad^
visable because about one-half of the total power is to be transmit-
^
ted by means of tunnel wiring , v.'hioh will not permit of a much high-
er pressure if rubber covered wires are used with no additional pro-
tection.
Second, the three phase alternating current system was adopted
because of the larger power load and because of the long transmis-
sion line to Mendota Hospital.
Third, the line pressures to Mendota Hospital and to the Capitol
were taken at 5,000 volts. Calculation showed that with this pres-
sure the required power could be transmitted to Mendota Hospital with
a ten per cent, loss, using No. 6 B. & S. gauge wires. since this
Is as small a wire as it would be desirable to use under the circum-
stances, there is no particular advantage in using a higher pressure*
The pressure on the transmission line to the Capitol has been taken
at 5,000 volts also, since it would simplify matters to use the same
pressure for both lines.
GENEEIATORS. Although the maximum load within five years will
be about 450 kilowatts, the immediate maximum load will probably be
j
about 300 kilowatts. This load can be taken care of by two 150 K.W.
generators. Since it is highly desirable and practically essential
In this case to h8.ve an additional unit, a generating capacity con-
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slating of three 150 w. generators and one 50 K. W. generator will
be necessary for present requirements, the latter being installed for
night use*
Sinoe more than half of the pover is to be used for lighting pur-
poses, and sinoe a niimber of aro lamps are to be operated, it is de-
sirable to have a comparatively high frequency and sixty cycles per
second has been taken as this is a standard fIeq^ency for this kind
of work.
The generator capacity will, therefore, consist of three 150
W. , 500 volt, three phase, 80 cycle, alternating current genera-
tors; and one 50 K. W. , 500 volt, three phase, 60 cycle, alternating
ourent generator. These generators are to be directly coupled to
engines as indicated below and as shown on the drawing of the central
station (Sheet No. 4). Each generator is to be supplied with its
own exciter.
ENGINES. The engines for the 150 K. W. generators are to be
of 225 H, P. capacity each, and the speed of these units should be
about 175 revolutions per minute. The engine for the 50 K. ¥• gen-
erator is to be of 75 H. capacity, and the unit is to have a speed
of about 300 revolutions per minute.
The engines are to be compound condensing, and vertical cross-
compound engines are to be preferred because of economy of floor
space. The 225 H. P. engines should have an economy of 20 pounds
of steam per indicated H. P* per hour, and the 75 H. P. engine should
have an economy of 22 pounds of steam per indicated H. P. per hour.
The steam pressure on the hi^ pressure cylinders is to be about
150 pounds per square inch. Receivers, furnished with reheating
coils, are to be placed between high and low pressure cylinders.
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These receivers should Have a volinrre at least one and one-half times
the volume of the high pressure cylinder in each case. Because of
advantages in experimental work, these reheaters should be capable
of superheating the steam furnished the low pressure cylinders.
Because of the great advantages to be derived in educational
worK, it is desirable that the cylinder ratios be different for the
three 225 H. P« engines. Suggested ratios may be taken at 3 to 1,
5 to ly and 7 to 1,
ADDITIONAL UNITS. In the design of the generating room, suffi-|
olent space has been left for the installation of a fourth 150 K. W«
unit , which will probably be necessary within five years. Other
units may be added by extending the building to the west.
FOUNDATIONS. The foundations for the engines and generators
have been included in the building design, and the estimates of costs
of foundations are included in the estimates of the cost of the build-
ing. The foundations are to be made of solid Portland cement con-
orete, rather poor in cement and rich in sand and stone. These
foundaticais are to extend at least six feet below the engine room
floor.
CONDENSERS, PUMPS, ETC. Condensers, separators, pumps, hot
well, etc. are to be installed and connected up, and the plant is to
Le complete in every particular. The general arrangement of this
auxiliary apparatus has been indicated in the drawing of the central
station.
Surface condensers are to be installed, because condensing water
is available in any quantity and also because these condensers are
est adapted to experimental work. There is to be one condenser of
ufficient capacity furnished for eaoh engine. There shall be at
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least 3 square feet of oooling surface per I. H. ?• The tempera-
ture of the oooling water at Madison may be taken at 70*^ P. and an al-
lowanoe of twenty-five times the weight of steam used by the engine
per hour at maximum load, must be made for oooling water. Each con-
denser is to be supplied with a single acting air pump and a centrif-
ugal circulating pump,
SEPARATORS. Eaoh engine is to be furnished with a separator
which shall be plaoed in the steam pipe leading to the high pressure
cylinder. These separators shall show an efficiency of ninety per
cent., with steam of 10 per cent, moisture.
HOT WELL. A hot well is to be constructed having a capacity
of at least 250 cubic feet. This will provide for operation of the
station at full load for at least one hour without pumping from the
hot well.
SWITCHBOARD. There is to be installed a polished marble switol^i-
boajd of standard construction. This switchboard is to consist of
white Italian marble panels two inches thick with one-half inch bev-
elled edges. The panels are to be properly supported on a rigid
iron frame work of "L" section. One panel is to be installed for
eaoh generator, one panel for eaoh two power circuits (three phase),
and one panel for eaoh two lighting circuits (single phase). There
iwill, therefore, be four generator panels required at the beginning.
There will also be required four feeder panels for the power cir-
cuits and four feeder panels for the lighting circuits. The high
tension lighting and power circuits leading to the Capitol and to
Idendota Hospital will require three additional panels. Tlie various
feeder circuits were shown on Plate XI. and are as follows :-
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Lighting Circuits (single phase).
To the idaohine Shops, Eleotrioal Laboratory
and the Ghemioal LaJboratory.
To the Hlstorioal Library and Gymnasium.
To the Hlstorioal Library.
To Solenoe Hall and the Engineering Building.
To Library Hall, ladles* Hall, and the Law Building.
To North Hall, South Hall, and University Hall.
To the Observatory, Dairy Building and Farm Buildings.
To the Oapltol and Governor's Resldenoe.
Power Oiroults (three phase).
To the Machine Shops.
To the Historical Library.
To Science Hall and the ICngineering Building.
To Ladles* Hall and the Law Building.
To the Dairy Building and Farm Buildings.
To the Capitol and Governor's Resldenoe.
To Mendota Hospital.
The instruments, switches, eto.j for the generator and feeder
circuits are mounted on and form a part of these panels. Additional
generators and feeders may be provided for at any time by Installing
additional panels without interruption of service. Tlie general de-
sign of the switchboard is shown on Sheet No. 5.
TRANSPORMMIS. Transformers are to be provided at the station
for raising the pressure to 6,000 volts for the purpose of transmit-
ting power to the Capitol, Governor's residence and Mendota Hospital.
These transformers are fully indicated in Plate XVII.
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POTENTIAL REGULATORS. Potential regulators are to be in-
stalled for maintaining uniform pressure on the lighting mains.
!l?hese will be installed at the station except in the oase of the Men-
dota Hospital end. No potential regulators are provided for the
power oirouits. The regulators are to be designed for a frequen-
oy of 80 oyoles per second and to give a pressure range of ten per
cent. One regulator of eaoh kind indicated, is required.
Line Number of Location. K. W.
Pressure. Phases. Capacity
«
500 1 Central Station 70
500 1. Central Station 60
500. 1 Central Station 00
5,000 1 Central station 100
5,000 3 Mendota Hospital 60
Total Capacity 350
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(VII)
BSTlilATSS OF COSTS.
As has been stated in the introduction, the estimates of oosts
of the building and ohimney were made by Mr. Jennings, while those
concerning the steam heating and the boiler room (including steam
pipe and pipe covering to the generating room) were the work of Pro-
fessor Bull.
Building and Chimney,
The estimates were based upon the following
Piles driven at $5.00 each.
Footings of Portland concrete.
Foundations and retaining walls of WauKesha stone In
MllwauKee cement mortar.
Faoe brick, ^26.00, pressed brick.
Common brick, good local brick.
Floors, Portland cement and granitoid top.
Posts and deck beams of steel.
Deck, brick arches with Portland cement, granitoid top.
Skylights, American, double thickness in windows and doors.
Ornaments, Terra Ootta.
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Out 3tone, Bedford.
Moulded string course of moulded briok.
The estimates are as follows:-
Piling brealcwater ^1,800. 00
Rip Rapping with lalce boulders 1,000.00
Pilling .^i ,000.00
f4,800.00
Chiinney complete ^12,000.00
Building Proper.
Piling #P>,8 00. 00
Excavating 1,500.00
Masonry, foundations, retaining walls, coal stor-
age bins, etc., with concrete footings. ..... .11,500.00
Cement floors (including deck) •.3,800.00
atruotural steel and iron, including gallery.... 9 ,000.00
Common brick work and cut stone...* 0,200.00
Pressed brick 4,000.00
Terra Gotta ,500.00
Carpenter and mill v/ork .3^500.00
Skylights j including rail .1,000.00
Amount carried forward "1^48,8 00.00
Drainage and plumbing 1 ,500. 00
Painting 1,000.00
Contingencies...... • 2,500.00
$53,800.00
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Recap 1 1ula 1 1on :
-
Preparing site §4, 800. 00
Chimney complete 12,000.00
Building complete 53,800.00
Total $70,600.00
Boilers and Accessories
This estimate includes considerable piping for steaia lieating,
as well as several hundred feet of tunnel construction. Other-
v/ise the items follow quite directly from matter already present-
ed. The estimate is as follows :-
Moving and resetting old boilers ...... $2,500.00
New boilers, 125,0 H.P. at i;?21.00 per H.P.. . 26,250.00
Breeching and hoppers 2,450.00
Economizer 6,000.00
Piping 8,500.00
Pipe covering 1,900.00
Valves 1,100.00
Receivers 400.00
Pumps 450.00
Tunnel construction( 330 feet at -f^V.OO per ft, )2, 310. 00
Steam traps, grease traps, etc 250.00
Total $ 52,110.00
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The Eleotrio Plant.
in making the estimates for the eleotrio plant it haa toeen nec-
essary to oaloulate the oost of the transmission lines in detail.
These costs will be considered first and then a general summary will
be made.
TUNNMj construction. The rubber covered wire neoesssa?y for use
in the tunnels is estimated as follows:-
Size of Wire.
(B. « S. Gauge)
No. Of Feet. Price per
1,000 feet.
Cost.
No.
No. >....«89. 15. . • • . 980.65
No. • . .. .VS. 88. «. •
*
....... ;318. 64
No. «•»» .00.1^ . • • •
•
391.10
No. >• ••43.50..... ?.8iJ.V0
No.
No. > • • • • .21.60. . • . . ti6. 72
Total. #3,301. 48
The oost of erection of the tunnel lines, including labor and
all material excepting wire, was estimated at $25.00 per 1,000 feet
of wire.
Erection of 37,000 feet of Tuiinel Wiring |925.00
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CONDUIT GONSTRUOTION. Uhder this heading is considered the
oost of lead covered cable, and the cost of conduit construction com-
plete including the oost of drawing in of cables.
The cost of the necessary lead covered cable is based upon prices
quoted by the Standard "Uhderground Cable Company, and is as follows :-
Size of Wire Number of Number of Cost.
(B, & s.Gauge) Conductors. Feet.
No. 2 2 000 $192.00
" No. 8 2 3,300 ....860.00
No. 10 2 000 ...138.00
No. 0.. 3 800 348.00
No. 6 3 4,100 1^230.00
No. 10 3,300 •rye.oo
Total |I3,292.00
The cost of conduit is based upon figures furnished by John T*
lioHoy, manufacturer of the McRoy conduit, and includes the conduit
laid complete, ready for the drawing in of cables. The two duct
conduit is estimated at 40 cents per running foot of conduit, and the
four duct conduit is taken at 60 cents per running foot. The cost
of manholes was talcen at $40.00 per manhole, and the cost of drawing
in cables was estimated at 5 cents per foot of cable. These fig-
ures were also furnished by Mr, McHoy.
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The estimate is as follows
One Two Duot Conduit
,
From university Hall (No. 18) to point L (Map No. 2).
Distance of 600 feet; 2 manlioles C»320.00
One Pour Duot Conduit
,
Prom Central Station (No. 1) to point A (Map No.2)»
Distance of 2,200 feet; six manholes 1^580.00
One Pour Duot Conduit
^
Prom point B to Capitol (Map No. 1).
Distance of 1,100 feet; three manholes 780.00
One Two Duot Conduit
,
Prom Capitol to point C (Map No. 1).
Distance of 800 feet; 2 manholes 400.00
Cost of drawing in Cable, 9,400 feet
at 5 cents per foot ••470.00
Total. |;3,530.00
POLE LINE CONSTRUCTION. The pole line proper has been calcu-
lated at a certain price per pole, which estimate includes the cost
of a pole set up complete with cross arms, pins, and insulators, read-
Y for the erection of the line wires. These estimates were based
upon costs of similar constructions in this locality.
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Number of
Poles.
Length of Pole
in Peet«
Cost per Pole. Cost.
f2,724.00
...;30U.oo19 ••••••••40«****«*<«> • «•••••• . 00 •••••••
Ill • •••••••50«««* ••« • •
•
••••••••2&*00***«*** .2^775.00
30. 00* •••••• ...340.00
8 • • • • »
•
36. 00* ••••«• . ..280.00
Total $6,304.00
The cost of the necessary weatherproof wire for the pole line
was estimated as follows
Size of Wire
(B. & S. aauge)
.
Number of Feet Number of Pounds.
2,000
2 ,500
No. e,0C0
No. 2 9,900
No. 5 090 90
No. 6 100,500 11^350
No. 8 13,200 1,100
No. 10 22,100 1,200
Total number of Pounds. 18,240
18,240 pounds of Weatherproof Wire at 21
cents per poux^...... $3,780.00
The cost of erection of line wire was taken at $5.00 per 1,000
feet of wire.
Erection of 151,000 feet line wire C»755.00

85
TRANS70.R:vGRr; AlID POTETITIAL REGULATORS.- A list Of the necessa-
ry transformers is given on Plate XVII, and. a suimnary of t]ie re-
quired potential controllers Is given on page 77. The transformers
were estimated at ^10.00 per K.\7. and the potential controllers at
,1
^6.00 per K.XI. ;i
i|
Cost of transformers, 450 K.W. at .^10.00 .... fp4, 500.00 !
Cost of potential regulators, 350 K.T/. at $6 . . 2,100.00 I
The cost of engines set up complete is taKen at (pl5.00 per H.P.
The condensers, separators, hot v;-ell, puinps, etc., are grouped to-
gether and estimated at |6.00 per II. P. set up complete. The gene- i
rators and exciters set up complete are taken at (}20,00 per K.u\,
and the cost of switchboard and station wiring is estimated at f?10.
per K.T'.
A summary of tiie costs of the electric plajit laay he made as fol-
lows :
-
Engines set up complete -
750 H.P. at IplS.OO per H.P .i^ll,250.00
Condensers, separators, hot well, puraps, etc.,
set up complete
750 H.P. capacity at r;;6.00 per H.P.. . 4,500.00
Generators and exciters, set up complete
500 K.W. capacity at 020.00 per K.77. . . . 10,000.00
Switchboard and station wiring, complete
500 K.W. capacity at ;i^l0.0C per K.w'. . . . 5,000.00
Trans fcrjaers, installed complete
450 K.V;. at ^?10.00 per K."'. . 4,500.00
Potential controllers, installed complete
550 K.Tf. capacity at t<6.00 per K.^>•^ . . . 2,100.00
Conduit construction, including tJie drawing
in of cables ... 3,530.00
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Lead covered caiDlen |3,292.00
Rub'cer covered wire 3,300.00
Weatherproof wire 3,730.00
Erection of rubber covered wive
.
950.00
Pole lines, complete and ready for erection
of wire
.
6,304.00
Erection of weatiierr^roof wire 7 55.00
Five ton traveling crane . . ' 1,500,00
Telephone circuit to tlie Capitol and Mendota
Hospital 250.00
Additional 10 per cent for engineering and
incidentals 6,000.00
Total cost (exclusive of building $66,986.00
and boilers)
General Suimaary of Posts
Building and chimney, complete 070,600.00
"Boilers and boiler room equipment, complete. . 52,110.00
Electric Plant complete{ exclusive of boilers). 66,986.00
Total cost of Central Plant .... |i89,696.00
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( VITI )
FINAL ESTIMATES OF ANNUAL COST OF OPERATION
The ef^tlnfite of the annual cost of operation v/itliln five
years by the proposed system (given in Part IV) has heen in-
creased slightly. This increase occurs nainly in items such as
extra labor, repairs, etc., which were thought to be some\7liat
under '-/hat would be required for tlie new plant. The estimates
of the annual cost of operation witliin five years under present
conditions hnve remeined unchangec?.
.
Present Conditions
The annual cost under present conditions may be s;uama-
rlsed as follov^rs:-
Total present operating expenses .... §33,000.00
, Total prospective increase (within five
years
)
7, 500.00
Total §40,500.00
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New System.
The annual oost under the new system may be taken as follows:-
Coal for Heat, Light, and Power $13,500.00
Wages (nine men all told) • ••5,040.00
Extra Labor • • • 500. 00
Boiler Inspection and Insurance ./JOO.OO
Heating Plant Supplies and Renewals .....860 .00
Electric Plant Supplies and Renewals 1,500.00
Sundry Disbursements 1 ,000.00
Superintendence and Office Expenditures 1,500.00
Total #29,100. 00
Economy of New Service.
Total Annual Oost by Present System #40,500.00
Total Annual Oost by Proposed System 29,100.00
Annual Saving by Proposed System $11,400.00
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(IX)
CONCLUSION.
The general auramscry made in Part VTI showed a somewhat larger
total oost than was anticipated at the beginning of the invest igation^
A consultation resulted in the deoision that the total oost should be
kept within the sum of one-hundred and fifty thousand dollars, aud in
order to aooomplish this it was decided, after due consideration,
to out down the various estimates, as shown below.
The Building
It was decided that the forty-eight hundred dollars estimated
as necessary for the preparation of the site might be cut out without
any very serious result s* The cost of the chimney was reduced two
thousand dollars by considering a slightly smaller chimney and a some--
what cheaper construction. The piling for the building foundations
was omitted as it was considered that the ohaxactrT of the soil is
such that this would not be essential. The general reduction in
the size of the building resulting from the reduction in boiler and
eleotrio generating capacity (considered below) caused a reduction
in many of the other items, especially in steel conatruction and
foundations^ The substitution of common brioK for pressed briok
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and the omission of the item for terra ootta also made a considerable
saving. The revised estimate of the cost of the building is as
follows
Chimney $10,000,00
Masonry foundation walls, retaining walls,
coal storage bins 10,000.00
Excavating l^aoo.OO
Oement floors (including deck) 3,?,00.00
Structural steel and iron 7,000.00
Common brick and out stone
,
7,100.00
Pressed briok 1^000.00
Carpenter and mill work ......<.....J2 //OO. CO
Skylights^ including rail 800.00
Drainage and plumbing ...1,200.00
Painting , , . . , 800.00
Total $45,000.00
Boilers and Boiler Room Equipment.
In this estimate the principal cut has been in the cost of boil-
ers. The estimate of #21.00 per H. P. seemed somewhat excessive
and this figure was reduced to about #17.00 per H. P. Five thou-
sand dollars was considered sufficient to expend upon an economizer.
f?he pipe, pipe covering, fittings, etc., are grouped together and a
put of about fifteen hundred dollars is made in these items. The
Bstlraate for new tunnel construction has been cut out, as it was con-
sidered that this might be constructed with other funds.
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The revised estimate follows:-
Piping and covering #10,400.00
Reoeiver 200.00
Feed puBips - 450.00
Eoonomizer , 5,000.00
New Boilers (1,250 H. P.) ril,000.00
Breeoliing and ooal hoppers 2,450.00
Moving old boilers 2,500.00
Total... #42^000.00
The Eleotrio Plant.
The eleotrio plant has been out down by one 150 K. W. irnit , the
estimates in other partioulars remaining praotioall^'' imohanged.
The plant as out down is ;)ust suffioient to provide for the amount of
eleotrio and gas lighting and of eleotrio and hydraulio power which
is now in use at the several institutions, and for an additional ele-
vator in the Oapitol. It does not make provision for any spare genf
erating capacity to be put into use in case of an accident to either
of the 150 K. W. generating units, and it also does not make provis-
ion for supplying eleotrio power to the University Shops or other
buildings which are now provided with steam power. Provisions for
supplying eleotrio power at these points and for supplying the natur-
al growth in the demand for eleotrio light and power during the next
five years, can be made only by adding new generating units of 150
K. W. capacity, up to an ultimate addition of two more units, as the
demand presents itself. To assure a satisfactory continuity of
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service one of these additional units should be installed inside of
two years, especially in view of the rapid growth of the Uhiversity.
An accident to one of the units while only two are in the plant would
probably plunge the university into darkness , since the plant as out
down will barely supply the existing demand for electric power and
lighting during legislative years. This condition is permissible-
only on the ground of reducing the first cost of the plant. The
revised estimate is as follows :-
Engines set up complete.
525 H. P. at 115.00 per H. P ^7,875.00
Condensers, Separators, Hot Well, Pumps, etc.
set up complete; 525 H, P. capacity at
$5.00 per H. P 2,625.00
Generators and Exciters, set up complete.
350 K. W. capacity at |20.00 per K. W 7,000.00
Switchboard and Station Wiring, complete.
350 K. W. capacity at |10.00 per K. W 3,500.00
Transformers, installed complete.
450 K. W. capacity at #10.00 per K. W. . 4,500.00
Potential Controllers, installed complete.
350 K. W. capacity at #6.00 per K, W. 2,100.00
Conduit Construction, including the draw-
ing in of cables ..3,450.00
Lead Covered Cables .3 >292.00
Rubber Covered Wire 3,150.00
Kreotion of Rubber Covered Wire 925.00
Pole Lines, complete, ready for
erection of wire 0,304.00
Kreotion of Weatherproof Wire ..755.00
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Five ton Traveling Crane, for ^?.,fjO0.00
Telephone Circuit to the Capitol and
Mendota Hospital r'350.00
Total $51,000.00
The total cost of oonstruotion of the Central Plant as out down
may X>e summarized as follows
Building »^45,000.00
Boilers, etc o--. 4aJ,000.00
Engines, eto 51,000.00
#138,000.00
Additional 8 ^ for Engineering and
Incidentals.. 11,040.00
Total #149, 040. 00
000
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